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INTRODUCTION 
There is a need for growers of some crops to be able to accelerate 
production schedules. This is especially true in the nursery industry 
where many crops require three or more years to reach salable size. 
The cost of maintaining a crop for a number of years is increasing and 
the market may often be unpredictable. Accelerated production is de¬ 
sirable because space demands and maintenance costs may be reduced 
while the grower has a better chance of predicting and meeting the de¬ 
mand for his product. However, many of the research findings regard¬ 
ing accelerated growth are dependent upon costly fuel supplies. 
The fuel problem has challenged plant scientists to determine if 
more efficient methods of growing plants can be developed. During the 
past few years, research has been done to determine if greenhouse crops 
can be grown at reduced temperatures during all or part of the night. 
The results of this research are promising. 
Additional investigation of the effects of temperature and light 
on woody plant growth is warranted at this time. The following research 
was undertaken to determine if growth of certain nursery crops can be 
accelerated during the early stages of growth while keeping production 
costs at a minimum. 
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CHAPTER I 
LITERATURE REVIEW 
The influence of temperature and photoperiod on the growth and de¬ 
velopment of woody plants has been extensively studied. As early as 
1852, Henfrey proposed that variation in daylength was a contributing 
factor in the natural distribution of plants (47). In the early 1920's, 
Garner and Allard (22, 23) refined this concept and proposed their 
theory on the formative effects of the relative length of the day and 
night. Work on photoperiodic responses has progressed to the point that 
it is now claimed to be the most important factor controlling shoot ex¬ 
tension of woody plants (27, 28, 29, 30, 41). However, consideration 
should be given to the species, age and ecotype of the plants being 
studied before the influence of any one factor can be determined. 
Woody plant species exhibit different types of shoot growth pat¬ 
terns, which to a certain extent, determine the amount of growth ob¬ 
tainable. Kramer and Kozlowski (38) describe the growth of woody plants 
as being "fixed", "free" or a combination of both. "Fixed" growth re¬ 
sults from buds containing a predetermined complement of leaf primordia 
with growth involving internodal elongation and leaf expansion. Plant 
species exhibiting "fixed" growth patterns may produce only one flush 
per year or may produce a series of recurrent flushes (30). Free 
growth results from the concomitant initiation of leaf primordia and 
internodal elongation. Plants capable of "free" growth may often be 
able to grow continuously for many months when grown under optimum con¬ 
ditions, whereas those species possessing a "fixed" growth habit usually 
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do not possess this capacity. In addition to the usually characteris¬ 
tic growth pattern, the age of the plants must be considered. Wareing 
(76, 77) found that first year seedlings of Scotch pine were capable of 
"free" growth under optimum conditions, while "fixed" growth occurred 
during the second and subsequent years. 
Incorporating the shoot growth patterns discussed above, Nitsch 
(48, 49) and Waxman (81) have classified woody plants based on stem 
growth response to photoperiodic stimuli into four groups (Table 1): 
Table 1. Photoperiodic Classification of Woody Plants. 
Group Photoperiodic Responses Example 
A. Long days cause continuous growth; 
short days cause dormancy. 
Wei gel a 
B. Long days cause periodic growth; 
short days cause dormancy. 
Rhododendron 
C. Short days do not cause dormancy. Juniper 
D. Long days do not prevent dormancy. Lilac 
Species such as rhododendron which exhibit a "fixed" growth habit char¬ 
acteristic of 'Group B' normally produce one or more flushes of growth 
per year with long days increasing the number of flushes (48, 80). In 
some cases, long days can shorten the period between flushes to the ex¬ 
tent that growth appears continuous (81). However, generalizations a- 
bout extension growth (i.e., shoot elongation rather than root, cambial, 
bud or other growth) may be misleading since ecotypic variation in re¬ 
sponse to temperature and photoperiod has been observed within species 
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which grow at different latitudes and altitudes (20, 56, 71, 80). 
Furthermore, many studies on photoperiodic effects on extension 
growth have been conducted on actively growing plants in order to avoid 
complications from dormancy. However, this factor should be considered 
since dormant plants may react differently to photoperiodic treatments 
than actively growing plants (19). Dormancy may occur during either 
summer or winter. Summer dormancy may be an externally imposed type 
of dormancy, rather than internal, since plants may resume growth if 
exposed to continuous daylengths (80). In this respect, summer dorman¬ 
cy resembles the early stage of winter dormancy which occurs as plants 
are exposed to progressively shortening days and declining temperatures. 
Although terminal buds have been set, growth may resume under long days 
and optimum temperature if such treatment is initiated soon after bud 
formation (74). Plants in a state of true winter dormancy or rest, 
however, may require a period of chilling before growth can resume (56, 
79, 80). Once chilling has occurred, resumption of growth appears to 
be dependent on a suitable temperature and independent of the daylength 
(42, 78, 79, 80). Smith (64) has obtained early growth on many woody 
and herbaceous ornamental plant species by gradually increasing the min¬ 
imum night temperature (MNT) from 4.4°C to 21.1°C during late winter 
and early spring. Other plants are reported to require no chilling pe¬ 
riod and growth may resume when sufficiently long days occur or are im¬ 
posed (19, 42, 80). 
Doorenbos (17) found that rhododendron had no chilling requirement 
for breaking dormancy. McGuire and Bunce (46) working with Rhododendron 
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1PJM' found that more than 4 weeks of cold exposure (0° or 4.4°C) re¬ 
sulted in no difference in the time required to initiate shoots for 
both long and short (natural) day treated plants and that 1 to 4 weeks 
cold exposure slowed the response under both daylengths. The plants 
placed under short days, however, did not exhibit rapid growth until 
days lengthened naturally. In this case the quantitative results of 
chilling exposure indicated that the cold temperatures initially in¬ 
creased the state of semi-dormancy which apparently existed in these 
plants (42) and that additional chilling decreased that state. 
In one paper discussing nursery production methods, Vanderbilt (73) 
mentioned that fall rooted rhododendron cuttings were chilled for 40 
days at 4.4°C before forcing growth in the spring. In a previous paper 
(72) he noted that the cuttings were chilled only 20 days. Since no 
data were presented, it may be supposed that the 40-day chilling period 
improved growth and/or reduced fuel consumption. It appears that al¬ 
though chilling is not essential for bud break in some plant species, 
exposure to chilling may decrease the daylength needed for growth (42). 
Research papers are about equally.divided between those scientists 
recommending fluorescent and those recommending incandescent lights as 
the best source for photoperiodic lighting. According to Bickford and 
Dunn (6), fluorescent, mercury fluorescent and incandescent lights are 
all effective for either daylength extension or night break lighting. 
These authors recommended lighting for 4 to 8 hours before sunrise and/ 
or after sunset for daylength extension or for 2 to 5 hours in the mid¬ 
dle of the night, providing a total effective light period of 14 to 16 
hours in both cases. Plants may respond differently to daylength ex- 
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tension or night break lighting. Downs and Borthwick (18) found that 
night break lighting was necessary to break dormancy in flowering dog¬ 
wood and that daylength extension to 16 hours was needed for continu¬ 
ous growth. The optimum photoperiod may also change with the age of 
plants. Downs and Piringer (20) found that while 14- to 16-hour photo¬ 
periods were best for juvenile pines, the adult plants responded best 
to continuous light. 
Generally only low light intensities are needed for photoperiodic 
responses, however, the literature available on recommended light in¬ 
tensities varies. Cathey and Campbell (10) indicated that 10.8 lux was 
sufficient to obtain a long day response in rhododendron if used contin¬ 
uously. Obtaining the long day response in the same plants with inter¬ 
mittent lighting required 200 to 400 lux (11). Hanover (30) suggested 
that an intensity of about 500 lux was adequate for extension growth of 
woody plants. Mahlstede (43), in a report summarizing a number of field 
trials on night lighting in the nursery, described 7 categories of re¬ 
sponse to a 2-hour light break ranging in intensity from 1200 to 20 lux. 
He found some species grew under all light intensities while others made 
no growth in response to the night light. In addition, he reported that 
plants such as Berberis thunbergi were stunted by the highest light in¬ 
tensity and others such as Forsythia suspensa responded best to the high¬ 
est intensity lighting. Apparently the 500 lux suggested by Hanover 
(30), which approaches the median value in the above trials and exceeds 
the preceding recommended values, should be sufficient to initiate photo- 
periodic responses in woody plants. 
Interactions between photoperiod and temperature have been report- 
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ed by Downs and Borthwick (19) who found that temperatures below 15.5°C 
to 21°C lessened the photoperiodic effect. Waxman (81) concluded that 
at 10°C all growth stopped regardless of the daylengths. However, a 
close examination of his data indicates that the effect of temperature 
depends on the plant species studied and it even appears that some spe¬ 
cies, such as Andorra juniper, grew faster at 10°C than at 21°C at all 
photoperiods. Nitsch (49) noted a study in which plants did not go dor¬ 
mant at 8°C, presumably because the temperature was too low for photo- 
periodic processes to be operative. He suggested that as the growing 
temperature is decreased to the minimum effective temperature, the day- 
length must be increased to obtain a photoperiodic response. Thus, 
Doorenbos (17) found that at 25°C the critical photoperiod for breaking 
dormancy in rhododendron was about 8 hours and at lower temperatures 
(15-20°C) the critical photoperiod increased. The earliest bud break 
in his study occurred under a 24-hour photoperiod at 25°C; a treatment 
which also produced the highest number of leaves per shoot. Bosley (8) 
stated, however, that an 18.3°C minimum night temperature is more im¬ 
portant than night lighting for rhododendron growth. Wagenaar (75), 
upon examination of the flowering response of herbaceous plants, found 
that temperature during the dark period was more critical than during 
the light period and that as temperature was increased above or de¬ 
creased below the optimum for a species, a longer daylength or more in¬ 
ductive cycles were required. Conversely, increasing the daylength 
above the critical period increased the optimum temperature for flower¬ 
ing of spinach (75). Jennings and Timmerman (32) found that at a con- 
8 
stant temperature of 22°C, neither long nor short days stopped growth 
of Viburnum sieboldii, but an alternating temperature cycle of 28/18°C 
day/night caused cessation of growth. It is possible that this temp¬ 
erature range induced a type of summer dormancy. It appears that temp¬ 
eratures much above or below the optimum for a given species alter the 
photoperiodic response and that in some plants the optimum temperature 
for growth may over-ride any photoperiodic responses. In order to ob¬ 
tain maximum accelerated growth, Hanover (30) suggested using a con¬ 
stant temperature of 20-22°C concomitant with the optimum photoperiod 
for each species, which may range from 16 to 24 hours. Krizek (40, 
41) has used a 25/18°C day/night temperature with a 16-hour photoperiod 
to obtain accelerated growth of birch. 
Barring extremes of temperature, maximum growth may evidently be 
obtained at either constant or alternating temperatures. Undoubtedly, 
long photoperiods can help to increase growth in most woody plants, yet 
they also may have negative effects. Garner and Allard (23) noticed 
that growth of Kudzu vine exposed to natural days and allowed to go 
dormant was delayed in the spring compared to growth of plants which 
had been exposed to short days (10 hours) from May 12 to September 15. 
Waxman (81) termed this delay a photoperiodic after-effect. Scott (59) 
subjected Cronus alba 'Argenteo-marginata' and Viburnum opulus rooted 
cuttings to a 5-hour light break for 0, 8, 16 or 18 weeks at either 
4.4°C or 12.8°C. The higher temperature and/or increasing duration of 
exposure to lighting in the fall resulted in greater delays in bud break 
in the spring. Bud break in Cornus was delayed 3 or more months under 
the 18-week treatment at 12.8°C plus the light break compared to plants 
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exposed to natural days at 4.4°C. 
The low minimum temperatures used in Scott's study are of inter¬ 
est in view of previously cited studies (i.e., 19, 81) claiming dimin¬ 
ished response at temperatures between 15.5-21°C and no response at 
10°C. Kwolek and Woolhouse (42) used a day temperature of 15°C with a 
16-hour photoperiod and a night temperature of 8°C to test growth ca¬ 
pacity of Calluna vulgaris, while Ticknor (70) grew rhododendron at 
12.8°C with a 24-hour photoperiod. It appears quite possible that 
plants may be grown at reduced temperatures using photoperiodic light¬ 
ing. 
Recent research on the possibility of using split-night tempera¬ 
tures in the greenhouse has indicated the potential for growing plants 
at reduced temperatures (1, 24, 37, 50, 67). Although studies have been 
performed on such herbaceous plant species as chrysanthemum, tomato, 
lilly and bedding plants, similar work may be applicable to woody plants 
which often grow at quite cool temperatures. Under split-night regimes, 
plants are grown at a temperature of about 15.5°C through the day and 
for the first few hours of the night. For the remaining 8 hours of the 
night, temperatures are reduced to between 7.2°C and 10.0°C. It has 
been proposed (24) that plants adapt to this regime through accelerated 
translocation and metabolism of carbohydrates during the few hours of 
warm temperatures and darkness occurring daily. 
Other research, however, indicates that reduced temperatures may 
be used throughout the entire night. For instance Kohl and Mor (36) 
found that chrysanthemums could be grown with a low night temperature 
of 5°c minimum (7.1°C average) for a 16-hour night period, provided day 
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temperatures were adequate. Poole and Conover (52) found that some 
foliage plants can be grown at night temperatures of 15-18°C rather 
than the commonly used 20°C or above. Thus it appears that plants can 
be grown at much lower temperatures than those commonly used. 
The available information suggests that no generalizations can be 
made about the influence of a particular variable on extension growth 
of woody plants. Each plant species must be studied independently with 
consideration given to the age and ecotype of the plants. In addition, 
responses to photoperiod and temperature may vary depending on whether 
the plants are actively growing or dormant. Each plant species may also 
have its own optimum photoperiod for maximum growth as well as a criti¬ 
cal photoperiod below which growth does not occur. Furthermore, the 
temperature optimum and minimum may vary with each species. Thus, 
suitable programs for the accelerated culture of nursery crops may have 
to be developed for each region of the United States. 
CHAPTER II 
ACCELERATING GROWTH OF RHODODENDRON IN THE SPRING 
Introduction 
Rhododendron exhibit a "fixed" habit of growth (p.3) and under 
normal outdoor conditions they will produce one or two (possibly three) 
flushes of growth. Cathey and Taylor (12) reported that for most cul- 
tivars, the natural long days of summer are not sufficient to promote 
three flushes. Temperature and light must be regulated to obtain growth 
in excess of that normally achieved outdoors. Under optimum conditions, 
the maximum number of flushes obtainable appears to be four or five (17) 
although Richardson (54, 55) has selected cultivars capable of producing 
five or six flushes during a year. Because of their small size, rooted 
cuttings may be the most practical material for testing accelerated 
growing methods. In addition, we believe that the production of one or 
two flushes of growth on rooted cuttings will reduce the crop production 
time by six months to one year with minimum use of greenhouse space. 
Rhododendron cuttings can be taken after the fall flush of growth 
has matured (16, 33, 72) and are usually rooted within three months. 
After the rooted cuttings are potted, the greenhouse temperature can be 
lowered to 1.7°C (69), 4.4°C (33, 72, 73) or 7.2°C (35) to reduce fuel 
consumption. Some growers (35, 58) maintain the reduced temperatures 
until May or June when the rooted cuttings are placed outdoors. In 
these instances, growers retain the cuttings for eight or more months 
before growth is obtained. Other growers and researchers have been able 
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to obtain a flush of growth in the early spring before the plants are 
moved outdoors. 
Rhododendron are reported to be long day plants for vegetative 
growth (11, 12, 17, 49) and photoperiodic treatments have been used in 
the spring to obtain early growth. Ticknor (68, 69, 70) has done re¬ 
search on developing rhododendron as seasonal pot plants. Cuttings 
taken between July and September were rooted and stored at 1.7°C until 
February 1 when temperature was increased to 7.2°C. On March 1, the 
temperature was increased again to 12.8°C and continuous lighting was 
begun. The heat and lights were turned off in mid-May after a flush of 
growth had been produced. In previous studies, Ticknor (68, 69) used a 
4-hour light break from 10PM to 2AM. Doorenbos (17) who also studied 
the effect of light periods, showed a quantitative response to an in¬ 
creasing length of photoperiod. As daylengths at 25°C MNT were in¬ 
creased from 8 to 24 hours using 4-hour increments, the number of days 
required for a first flush declined by 45 days. The greatest decline 
(22 days) occurred when the daylength was increased from 8 to 12 hours. 
Cathey and Taylor (12) kept rooted cuttings at 18.3°C under natu¬ 
ral daylengths from October thru December and then lowered the tempera¬ 
ture to 10°C during January and February while increasing the daylength 
to 12 hours to obtain growth. Although response to daylength appears 
to be quantitative and temperature dependent, a photoperiod between 12 
and 16 hours is apparently the critical daylength for shoot growth at 
temperatures as low as 10°C. Doorenbos (17) reported that rhododendron 
remained dormant under a 12-hour photoperiod at 15°C, however, the tem¬ 
perature fluctuated widely during his study. 
13 
Several commercial growers of rhododendron have also published 
their production methods. Vanderbilt (72, 73) used a temperature of 
18.3°C with cyclic lighting applied for 6 minutes every half-hour be¬ 
tween 8PM and 4AM to obtain growth in the spring. Bosley (8) stated 
that temperature was more important than lighting and therefore recom¬ 
mended using a minimum night temperature (MNT) of 18.3°C with natural 
daylengths. Johnson (33) used natural daylengths and a 21.1°C MNT at 
the end of February to obtain early growth. 
The minimum night temperatures maintained by the above growers are 
costly and reduction of the temperature could result in substantial sav¬ 
ings. Preliminary studies suggested that a short exposure to an 18.3°C 
MNT and a long photoperiod would facilitate subsequent growth at low 
temperatures under natural daylengths. It appeared that once growth of 
rhododendron rooted cuttings had been induced under optimum conditions, 
the photoperiod and temperature could be reduced without interferring 
with completion of the flush. This study was undertaken to determine 
the minimum temperature needed to obtain a flush of growth by mid-May. 
Materials and Methods 
The experiment was designed to test the effects of several temp¬ 
eratures, including split-night temperatures, and two induction treat¬ 
ments on the growth of two rhododendron cultivars. On December 7, 1979, 
rooted cuttings of Rhododendron cvs. PJM and Nova Zembla were obtained 
from a local nursery. They had been stuck during July and August of 
1979 and were kept in the bench at 10.0°C MNT. The rooted cuttings were 
transplanted to 10.2 cm square plastic pots in an unsterilized 1.1 (v.v) 
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mixture of peat and sand, and were stored for 12 weeks at 1.7°C MNT 
under normal daylengths. 
A total of 126 cuttings of each cultivar was divided into 21 groups 
of 6 plants each. On March 4, 1980, one group was placed into each of 
the 7 temperature treatments (Table 2). The temperature treatments were 
provided in small poly-covered chambers which were located within a 
storage greenhouse. The other 14 groups were placed in another green¬ 
house at 18.3°C MNT for induction. One half of these plants received 
normal daylengths while the other half received supplementary light 
from 5PM to 9PM, providing an approximate daylength of 15 hours. Nat¬ 
ural daylengths ranged from 11 hours and 20 minutes on March 1 to 14.5 
hours in mid-May. The plants were individually transferred from these 
induction treatments to the growing temperature treatments at the first 
sign of bud swelling, which generally occurred within 2 weeks. 
Table 2. Spring 1980 Temperature Treatments. 
Treatment Temperature°C Hrs. at High Temp. Hrs. at 4.4°C * 
1 4.4 0 24 
2 11.1/4.4 12 (7AM-7PM) 12 
3 11.1/4.4 16 (7AM-11 PM) 8 
4 11.1 24 0 
5 15.6/4.4 12 (7AM-7PM) 12 
6 15.6/4.4 16 (7AM-11PM) 8 
7 15.6 24 0 
* Minimum temperature 
15 
The supplementary light was supplied by 150 watt GE Reflector 
Floods (300-750nm) on 61 cm centers placed 45 cm above the plant tops. 
Light intensity averaged 5000 lux as measured with a Lambda LI-170 
Quantum/Radiometer/Photometer using a LI 21 OS Photometric Sensor. 
Water was applied by hand and nutrients were applied using a sol¬ 
uble 20-20-20 fertilizer. Eighty mis of a 200 ppm N solution were ap¬ 
plied to each plant at the beginning of all experiments and again in 
two weeks. Smith (65) stated that a maximum uptake of nutrients in 
plants growing in recurrent flushes occurs while the plants are in the 
resting stage. The days required for bud swelling and growth were re¬ 
corded for each plant. Total growth measurements were made on April 8 
and approximately every two weeks until May 22. Total shoot number was 
also recorded. The significance of the induction treatments was deter¬ 
mined by orthogonal comparisons and temperature effects were determined 
by orthogonal regression analysis. 
Results and Discussion 
The first indication of vegetative activity in rhododendron rooted 
cuttings is enlargement of axillary buds (terminal buds are removed dur¬ 
ing propagation). The 'Nova Zembla' induced at 18.3°C plus a long day 
had bud swelling after an average of 15 days and within a range of 13 
to 17 days, except for one rooted cutting that required 30 days. When 
the cuttings were induced at 18.3°C plus normal daylengths, the bud 
swelling occurred after an average of 14 days and within a range of 13 
to 19 days. It was observed that over half of the plants placed direct¬ 
ly into the temperature treatments had swollen buds after 15 days re- 
Figure 1 Daily temperatures within greenhouse during 
Number of hours per day above 4.4°C (solid 
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gardless of temperature. However, nearly 60 days elapsed before all 
plants which did not receive an induction treatment had swollen buds, 
and by this time (early May) it was no longer possible to maintain the 
lower temperatures in the greenhouse (Figure 1). Several plants which 
were placed directly into the 4.4°C treatment exhibited apparently swol¬ 
len buds by March 19 but did not begin growth until April 27. There¬ 
fore, the initial slight swelling of buds may not be a good indication 
of readiness to grow. 
Table 3 shows the number of days required for 'Nova Zembla' to 
achieve growth, which for this study was defined as the emergence of 
the first leaf through the bud scales. The induction reduced the num¬ 
ber of days for growth by about three weeks for the lowest growing temp¬ 
eratures, resulting in a gain of one and a half days for each day the 
plants were kept at 18.3°C. As the growing temperature approached the 
induction temperature, the gain diminished. The temperature exposure 
during induction was the effective factor, since orthogonal comparisons 
showed that the daylength had no significant effect (Table 3). 
Doorenbos (17) found that rhododendron are long day plants with 
respect to vegetative growth and lack of response to photoperiod in 
this case may be due to a number of factors. The first is the possibil¬ 
ity that a 2-week lighting period is of insufficient duration to allow 
a photoperiodic response to occur. It is also possible that a light 
break would be more effective than daylength extension. Cathey and 
Taylor (11) noted that light break lighting during the night increased 
the photoperiodic response of woody plants when compared to continuous 
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Table 3. Effect of temperature and induction treatments on days to 
growth of Rhododendron 'Nova Zembla'. 
Temp. 
°C 
Pretreatment 
None 
z 
18.3°C Plus 
Long Day 
18.3°C Plus 
Normal Day 
4.4 65.00 43.00 46.40 
n.i (i2)y 56.83 42.00 37.60 
11.1 (8) 60.83 32.50 43.40 
11.1 55.33 36.33 33.40 
15.6 (12) 42.67 31.60 35.83 
15.6 (8) 41.00 27.40 28.67 
15.6 31 .25 25.00 37.83 
Analysis of Variance 
Source df Mean Square F Value 
Pretreatment 2 2881.98 26.27x** 
None vs. 1 5474.40 49.90** 
induced plants/2 
Long day vs. 1 252.67 NSW 
normal day 
Temperature 6 905.81 8.26** 
Linear 1 5250.10 47.86** 
Quadratic 1 0.00 NS 
Cubic 1 9.84 NS 
Pretreatment x temp. 12 168.82 NS 
Error 96 109.71 
induction treatments continued until bud swelling. 
^Number in parenthesis equals hours per day at minimum night tempera¬ 
ture of 4.4°C. 
xAnalysis of variance, orthogonal comparisons and linear regression 
analysis used to determine significance at the 5% (*) and 1% (**) 
levels. 
WNS - nonsignificant 
20 
lighting. 
Furthermore, Doorenbos (17) suggested that rhododendron have a 
critical photoperiod of about 12 hours at temperatures less than 25°C 
and this daylength is reached by about mid-March in New England. There¬ 
fore, the differences between the normal and long day treatments may 
have been too small to yield significant results. It is also possible 
that the 12-week period of low temperature storage prior to the experi¬ 
ment broke any dormancy and the plants were then less responsive to the 
photoperiod. There were no differences in total growth or shoot number 
for 'Nova Zembla1 on May 22 (Tables 4 and 5). Thus, equivalent size 
plants were grown under a range of temperatures and only the dates of 
achieving growth differed. It appears that growth of this cultivar in 
the spring is dependent upon the temperature. As temperatures are in¬ 
creased, growth will commence at an earlier date and presumably be com¬ 
pleted earlier. The initiation of growth in 32 to 43 days by plants 
induced at 18.3°C followed by an 11.1°C minimum temperature for all or 
part of the day and night compares favorably to the 16-hour photoperiod 
at 25°C used by Doorenbos (17) on R_. catawbiense album. 
Growth eventually occurred under all treatments, although the non- 
induced plants grown at 4.4°C did not begin growth until early May. 
The induced plants grown at 4.4°C began growth in mid-April which was 
only 2 weeks behind the plants grown at a constant night temperature of 
15.6°C. Thus, it appears that a 2-week induction period beginning in 
early March followed by a 4.4°C MNT would result in the completion of a 
flush of growth on 'Nova Zembla' early in the spring. 
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Table 4. Effect of temperature and induction treatments on total 
growth (cm) of Rhododendron 'Nova Zembla'. 
Temp. 
°C None 
Pretreatment2 
18.3°C Plus 
Long Day 
18.3°C Plus 
Normal Day 
4.4 8.42 9.76 10.60 
11.1 (12)y 11.87 7.70 9.56 
11.1 (8) 9.42 10.93 7.30 
11.1 10.03 9.78 10.66 
15.6 (12) 9.82 9.14 7.87 
15.6 (8) 9.27 12.00 10.37 
15.6 16.72 11.40 11.07 
Analysis of Variance 
Source df Mean Square F Value 
Pretreatment 2 12.60 NSX 
Temperature 6 29.79 NS 
Linear 1 76.41 NS 
Quadratic 1 60.72 NS 
Cubic 1 22.59 NS 
Pretreatment x temp. 12 16.93 NS 
Error 94 24.84 
induction treatments continued until bud swelling. 
^Number in parenthesis equals hours per day at minimum night tempera¬ 
ture of 4.4°C. 
XNS - nonsignificant 
c 
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Table 5. Effect of temperature and induction treatments on number of 
shoots on Rhododendron 'Nova Zembla1. 
Temp. 
°C None 
Pretreatment2 
18.3°C Plus 
Long Day 
18.3°C Plus 
Normal Day 
4.4 2.00 2.00’ 2.00 
11.1 (12)y 2.17 2.00 2.40 
11.1 (8) 2.20 2.00 1.60 
11.1 2.17 1.67 2.20 
15.6 (12) 2.20 2.00 1.83 
15.6 (8) 1.83 2.40 2.00 
15.6 2.50 2.33 1.83 
Analysis of Variance 
Source df Mean Square F Value 
Pretreatment 2 0.27 NSX 
Temperature 6 0.18 NS 
Li near 1 0.14 NS 
Quadratic 1 0.29 NS 
Cubic 1 0.18 NS 
Pretreatment x temp. 12 0.37 NS 
Error 94 0.62 
induction treatments continued until bud swelling. 
•^Number in parenthesis equals hours per day at minimum night tempera¬ 
ture of 4.4°C. 
XNS - nonsignificant 
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The experiment with 1PJM1 was confounded by the assignment of 
plants in different stages of growth to each induction treatment and 
only the effects of temperature could be evaluated. The plants that 
were placed directly into the temperature treatments on March 4 had 
swollen buds when the experiment began, while those plants induced at 
18.3°C under long days had made some growth in the fall prior to the 
experimental period and had been given a soft pinch at the beginning 
of the experiment. The plants induced at 18.3°C under normal day- 
lengths were apparently dormant. 
There was a strong influence of temperature on days to growth (Ta¬ 
ble 6). As temperature was increased, the days until growth occurred 
declined linearly. Even those plants grown at 4.4°C MNT were in growth 
earlier than any of the 'Nova Zembla', indicating that 'PJM' probably 
has a predisposition to early growth in the spring. 
The effects of temperature on total growth differed for the three 
groups of plants (Table 7). In addition, 1PJM1 did not exhibit the 
"fixed" growth habit which is typical of most rhododendron, but rather 
appears capable of continuous growth under optimum conditions. One 
group exhibited a quadratic response to increasing temperatures, anoth¬ 
er showed a linear response to increasing temperature and the third 
yielded no significant differences due to temperature. These responses 
are no doubt affected by both the pretreatments and the condition of the 
plants when the experiment began. However, since all of the plants 
grown at 4.4°C had shoots averaging at least 5 more centimeters in 
length by May 22, it appears that 4.4°C could be an acceptable MNT for 
obtaining early growth for this cultivar. 
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The only significant differences in shoot numbers occurred in 
those plants which had bud swelling at the beginning of the experiment 
and which were not induced. This group of plants showed an initial de¬ 
crease in shoot number when temperature was increased from 4.4°C to 
11.1°C for 12 hours and then a gradual increase in shoot number until 
the highest temperature treatment (Table 8). A logical explanation of 
these results can not be offered at this time. 
Table 9 shows the hours per month during which heat was required 
for the months of March and April at three minimum night temperatures. 
Also presented is the percentage of savings in hours which could be re¬ 
alized by lowering the temperature from 15.6°C to 4.4°C. The values 
of 62% and 79% for the respective months are substantial and additional 
savings would be obtained by reducing the temperature to be maintained. 
Although the percentage in savings will be somewhat lower if a 2-week 
high temperature induction treatment is used, it appears that induced 
plants of 'Nova Zembla' and 1PJM' can be grown at a 4.4°C MNT in the 
spring with a maximum delay in growth of 2 weeks compared to a constant 
15.6°C MNT. The total shoot growth of 'PJM' may be reduced at the low 
temperature because of its apparent capacity for continuous growth and 
faster growth rate at higher temperatures under some circumstances. 
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Table 9. Hours of heat required inside greenhouse at three different 
night temperatures during March and April. 
Month 
1980 
Temperature 
(°C) 
Heat Required 
(hours)2 
% Reduction 
(15.6° to 4.4°C) 
March 4.4 270.0 62 
11.1 473.5 
15.6 702.5 
April 4.4 120.0 79 
11.1 320.0 
15.6 577.5 
zThermograph recordings from the 4.4°C MNT treatment were used to deter¬ 
mine the total number of hours that the temperature in the greenhouse 
fell below 15.6 or 11.1°C. This total was assumed to equal the total 
number of hours during which heat would have been required. The hours 
of heat required at 4.4°C equals the total number of hours of heat cy- 
cling. 
CHAPTER III 
ACCELERATING GROWTH OF RHODODENDRON IN THE FALL 
Introduction 
Rhododendron cuttings from the fall flush of growth can be root¬ 
ed (33, 35, 72, 83). Taking cuttings from the second flush would pre¬ 
clude the possibility of obtaining growth during the same year, how¬ 
ever, these cuttings could be forced into growth during the winter fol¬ 
lowing rooting. Cross (16) suggested a method of growing cuttings, 
taken in October, in the winter by placing them in a minimum night temp¬ 
erature of 15.6°C and increasing the temperature to 18.3°C as the days 
lengthen. The cost of heat during the winter is a major disadvantage 
to such a schedule. An additional disadvantage to taking cuttings from 
the fall flush is the cost of maintaining the necessary rooting temper¬ 
atures well into December or possibly January. 
Savella (58), McGuire (45), Radder (53) and Ticknor (68) took semi¬ 
hardwood cuttings from the first summer flush. Since these were rooted 
by mid-September, it may be feasible to develop an inexpensive method 
for producing a flush of growth before winter. Growth on rhododendron 
during the fall has been obtained (10, 17, 46). 
Although Doorenbos (17) has identified rhododendron as a long day 
plant for vegetative growth, he apparently found that daylengths from 
May through August were not limiting to growth. Cathey and Taylor (10) 
compared the growth response of R. 'Roseum Elegans' under 8- and 24- 
hour photoperiods and concluded that the plant was moderately sensitive 
to photoperiod. Clearly then, the extent to which the plants will re- 
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spond to supplementary lighting depends on the natural daylengths to 
which they are exposed. It is quite probable that plants which are 
photoperiodically sensitive will respond to lighting during the short 
natural daylengths in the fall. Skinner (62), working with leaf bud 
cuttings of Rhododendron ponticum and R_. ‘Roseum Elegans' found that 
at a temperature of 23.9°C to 26.7°C daylength had no effect on the 
number of plants which grew, but that at a temperature of 10.0°C to 
12.8°C, daylength had a marked effect. However, differences in shoot 
growth between the species and the cultivar were apparent. Growth of 
'Roseum Elegans' increased as daylength was increased from normal day- 
lengths to 24-hour lighting with little difference due to temperature 
while growth of R_. ponticum increased with both increasing daylength 
and temperature. 
McGuire and Bunce (46), working in Rhode Island with 'PJM' during 
the fall, found that rooted cuttings grown under natural short days 
broke buds later and grew slower than plants grown with a 3-hour light 
break (11PM to 2AM) at 15.6°C. It appears that growth in the fall de¬ 
pends on the daylength, temperature and cultivar, and that interactions 
among the three factors may result in a diminished response to photo¬ 
period as temperatures are increased. Conversely, long photoperiods or 
a light break may modify the influence of temperature. 
Supplementary lighting in the fall appears to be important for 
growth of rhododendron, especially when the plants are grown at low 
night temperatures. However, preliminary work suggested that rhodo¬ 
dendron which had been induced to grow could complete a flush of growth 
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more rapidly under low temperatures than non-induced plants, and it 
seemed possible that photoperiod during growth might also be less crit¬ 
ical to induced plants. The following study was designed to determine 
the effect of growth induction, photoperiod and temperature on the 
growth of rhododendron in the fall and to determine the most economical 
method of obtaining a flush of growth by mid-December. 
Materials and Methods 
The experiment began on October 1, 1980, using rooted cuttings of 
Rhododendron cvs. PJM and Roseum Elegans. Cuttings of *PJM1 had been 
stuck on July 8, and the cuttings of 'Roseum Elegans' had been taken 
on July 10 and were stuck on July 11. The cuttings were wounded on one 
side, dipped into 0.8% IBA powder and rooted under intermittent mist in 
a 1:1 (v:v) mix of peat and perlite. On September 4 and 5, the rooted 
cuttings were potted in 10.2 cm square plastic pots in an unsterilized 
1:1 (v:v) mix of peat and sand. After potting, the cuttings were moved 
to an unheated greenhouse. 
On October 1, 144 plants of each cultivar were separated into 12 
groups of 12 plants each. Three groups were placed in small plastic 
growing chambers, located within a poly-covered greenhouse, at minimum 
night temperatures of 4.4°C, 10.0°C and 15.6°C and natural daylengths. 
Another 3 groups were placed in identical chambers at minimum night 
temperatures of 4.4°C, 10.0°C and 15.6°C under natural daylengths sup¬ 
plemented by a 3-hour light break at 1000 lux intensity between 11PM 
and 2AM. The other 6 groups were given an induction treatment of 10- 
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days at 18.3°C MNT and natural daylengths supplemented by a 3-hour 
light break at 5000 lux intensity between 11PM and 2AM. On October 11, 
each group of induced plants was moved to one of the 6 temperature/ 
photoperiod growing chambers. 
Artificial lighting was provided by 150 watt GE Reflector Floods 
(300-750 nm) on 61 cm centers. Light intensity was measured with a 
Lambda LI-170 Quantum/Radiometer/Photometer using a LI 21 OS Photometric 
Sensor. A soluble 20-20-20 fertilizer was used to supply needed nutri¬ 
ents. Each rooted cutting received 80 mis of a 100 ppm N solution on 
September 8 and 80 mis of a 200 ppm N solution on October 3 and 17. 
The days to growth, shoot number and number of flushes were recorded. 
Growth measurements were made every other day until January 14, 1981. 
Data were subjected to analysis of variance and orthogonal regression 
analysis was used to determine the effect of temperature. 
Results and Discussion 
The light break had no effect on the days required for growth (as 
defined on p. 15) to begin for either 'Roseum Elegans' or 'PJM' (Tables 
10, 11). This result conflicts with those of Doorenbos (17) and McGuire 
and Bunce (46) who observed more rapid growth with extended daylengths 
or a 3-hour light break respectively. Ambient temperatures exceeded 
the 4.4°C minimum night temperature (MNT) for most of the first three 
weeks (Figure 2) and exceeded 10.0°C for 7 days during that period. 
Skinner (62) found a strong effect of photoperiod at 10.0-12.8°C on the 
number of plants that grew but no effect at 23.9-26.7°C. It seems im- 
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Table 10. Effect of light break, induction, and temperature on days 
to growth of Rhododendron 'Roseum Elegans'. 
Temp. (°C) Not Induced Induced 
No Light Break 
4.4 26.8 13.5 
10.0 19.2 15.8 
15.6 18.1 12.8 
Light Break 
4.4 22.8 15.5 
10.0 21.7 11.8 
15.6 17.2 13.2 
Significant Effects 
Light Break NSy 
Induction2 .01 
Temperature 
Linear .01 
Quadratic NS 
yNS - nonsignificant 
induction for 10 days at 18.3°C MNT, natural daylengths plus a 3-hour 
light break (11PM-2AM), 5000 lux. 
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Table 11. Effect of light break, induction, and temperature on days 
to growth of Rhododendron 'PJM'. 
Temp. (°C) Not Induced Induced 
No Light Break 
4.4 6.3 6.3 
10.0 5.2 6.3 
15.6 3.4 6.4 
Light Break 
4.4 5.3 6.8 
10.0 9.0 5.7 
15.6 9.8 6.3 
Significant Effects 
Light Break NSy 
Induction2 NS 
Temperature 
Linear NS 
Quadratic NS 
yNS - nonsignificant 
induction for 10 days at 18.3°C MNT, natural daylengths plus a 3-hour 
light break (11PM-2AM), 5000 lux. 
a 
Figure 2. Daily temperatures within greenhouse during October, 
November and December showing number of hours per day 
above 4.4°C (solid line) and above 10.0°C (dashed line). 
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probable that the seven days during which the temperature exceeded 
10.0°C would have been sufficient to negate the photoperiodic effect. 
However, McGuire and Bunce (46) began their experiment in mid-November 
when the natural daylengths would have been about 10 hours. Since 
Doorenbos found a critical photoperiod of about 12 hours when a MNT of 
15°C (range 12-26°C) was used, it is possible that the natural photo¬ 
period during the first month of this study, ranging from 11 hours 44 
minutes to 10 hours 25 minutes combined with the ambient temperatures, 
was sufficient to negate the light break effect. 
Both temperature and induction had an effect on 'Roseum Elegans' 
(Table 10) but no effect on 'PJM' (Table 11) for the days to growth. 
The induced plants of 'Roseum Elegans1 required fewer days to begin 
growth than the non-induced plants. Under natural daylengths, the in¬ 
duced plants at 4.4°C MNT were in growth 13 days before the non-induced 
plants at 4.4°C. Since 10 days of induction were used, the induced 
plants were accelerated by 1.3 days for each day of induction. Compar¬ 
ison between the non-induced plants and induced plants at all other 
1ight/temperature combinations indicates acceleration by only 3 to 10 
days. This represents acceleration by 1 day or less for each day of 
induction. Increasing the MNT from 4.4°C to 15.6°C resulted in an av¬ 
erage gain of 4 days. The small advantages gained by increasing temp¬ 
erature or inducing the plants may be attributed to the ambient temper¬ 
atures and natural daylengths which were apparently sufficient to start 
the plants into growth as long as the MNT was kept at or above 4.4°C. 
It is apparent from the growth curves (Figures 3 and 4), that un¬ 
til mid-November, more rapid growth occurred when a light break was 
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Figure 3. Growth curves of induced Rhododendron 'Roseum Elegans'. 
I - Induction for 10 days at 18.3°C MNT, natural daylengths 
plus a 3-hour light break (11PM-2AM), 5000 lux. 
no LB - no Light Break. 
Numbers in parenthesis indicates number of plants. 
Arrows indicate average growth at completion of first flush. 
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Figure 4. Growth curves on non-induced Rhododendron 'Roseum Elegans'. 
no LB - no Light Break. 
Numbers in parenthesis indicates number of plants. 
Arrows indicate average growth at completion of first flush. 
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used regardless of the temperature. The plants which were not induced 
and were placed under either the 4.4°C or the 10.0°C MNT without a 
light break were still growing on January 14, albeit slowly. The plants 
at the 4.4°C MNT without both induction and the light break had unex¬ 
panded leaves and internodes and attained an average total growth of 
only 4.4 cm. The plants grown at the 10.0°C MNT without both induction 
and the light break had developed small leaves on short shoots. It 
would appear that the natural daylength and temperature were limiting 
at 4.4°C and 10.0°C by mid-November. 
Since the experiment aimed to determine the minimum conditions 
under which a flush of growth could be obtained by mid-December, the 
total growth measurements for both the first flush and December 12 were 
analyzed. The average total growth for the first flush is indicated by 
the arrows on Figures 5 and 6. The data for the first flush indicated 
the importance of the light break (Figure 5). When the light break was 
used, there were no differences in total growth due to temperature and 
the maximum growth was obtained. Plants that were induced and grown 
without the light break also exhibited no difference in total growth due 
to temperature, but were shorter than those receiving light. The plants 
which were not induced and did not receive a light break showed a linear 
response to increasing temperature and produced the least amount of 
growth. The data for December 12 (Figure 6) indicate a linear response 
to increasing temperature as well as the importance of light. This 
change in response can be attributed to the second flush which was oc¬ 
curring by December 12 under some treatment conditions. 
Figure 5. Average total growth of the first flush of Rhododendron 
'Roseum Elegans1. 
I - Induced for 10 days at 18.3°C MNT, natural daylengths 
plus a 3-hour light break (11PM-2AM), 5000 lux. 
nol - Not induced. 
LB - Natural daylengths plus a 3-hour light break (11PM-2AM), 
1000 lux. 
noLB - Natural daylengths only. 
Bars indicate standard error of the mean. 
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Figure 6. Average total growth on December 12 of Rhododendron 
'Roseum Elegans1. 
I - Induced for 10 days at 18.3°C MNT, natural daylengths 
plus a 3-hour light break (11PM-2AM), 5000 lux. 
nol - Not induced. 
LB - Natural daylengths plus a 3-hour light break (11PM-2AM), 
1000 lux. 
noLB - Natural daylengths only. 
Bars indicate standard error of the mean. 
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The experiment was originally planned to end in mid-December, but 
the date was extended until mid-January in order to obtain more data on 
the second flush which was occurring on 'Roseum Elegans' under some 
treatments. The occurrence of a second flush is indicated by the in¬ 
crease in the slope of the growth curves in late November to early 
December (Figures 3 and 4). A second flush started on some of the 
plants growing at 15.6°C without a light break, some of those grown at 
10.0°C with a light break, and nearly all plants grown at 15.6°C with 
a light break (Table 12). A comparison of growth rates between December 
5 and January 14 of those non-induced plants which produced a second 
flush yielded rates of 0.80, 1.20 and 2.58 mm per day respectively for 
the three temperature/light conditions mentioned above. A MNT increase 
of 5.6 C more than doubled the growth rate when a light break was used, 
while adding the light break more than tripled the growth rate at 15.6°C. 
The highest temperature and the light break are needed to obtain maxi¬ 
mum growth. This observation agrees with that of Skinner (62) who ob¬ 
tained maximum growth of Rhododendron cv. Roseum Elegans and R_. ponticum 
under conditions of high temperature and continuous light. Although on¬ 
ly the 15.6°C MNT plus the light break treatment consistently produced 
a second flush, all treatments except non-induced plants grown at 4.4°C 
without a light break produced an apparently adequate first flush. 
The growth curves for Rhododendron cv. PJM (Figures 7 and 8) indi¬ 
cate a pronounced response to the-light break at all temperatures. At 
10.0°C and 15.6°C the plants appeared capable of continuous growth when 
the light break was used. The response to increasing temperatures was 
slight without the light break. Both the induced and non-induced plants 
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Table 12. The effect of a light break and temperature on the number 
of flushes2 produced by Rhododendron ‘Roseum Elegans' by 
January 14. 
Temp. (°C) No Light Break Light Break 
4.4 1.00 1.00 
10.0 1.00 1.67 
15.6 1.70 1.95 
zThe number of flushes was determined as the cumulative extension of 
one or more shoots on a plant. The delayed growth of dormant buds 
from the original cutting was not counted as a second flush. 
49 
Figure 7. Growth curves of induced Rhododendron 1PJM'. 
I - Induction for 10 days at 18.3°C MNT, natural daylengths 
plus a 3-hour light break (11PM-2AM), 5000 lux. 
noLB - no Light Break 
Numbers in parenthesis indicate number of plants. 
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Figure 8. Growth curves of non-induced Rhododendron 'PJM1. 
no LB - no Light Break 
Numbers in parenthesis indicate number of plants. 
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grown at 15.6°C MNT without the light break exhibited the typical re¬ 
current flushing habit of rhododendron. The plants which were induced 
showed a somewhat greater growth rate than the non-induced plants for 
\ 
approximately one month following induction. 
All plants which were not induced and were grown without the light 
break made little growth, indicating that the natural photoperiod in 
October, which was sufficient for breaking buds, became limiting for 
growth of this cultivar. McGuire and Bunce (46) found a similar re¬ 
sponse to photoperiod in mid-November. They found that 'PJM' grown at 
15.6°C MNT broke buds but made little growth until daylengths increased. 
The total growth measurements for December 12 (Figure 9) showed the 
importance of induction and the light break for this cultivar. When the 
light break was not used, temperature had little effect, but induction 
more than doubled the total growth at all temperatures. Induction fol¬ 
lowed by growth at 4.4°C MNT without the light break resulted in an av¬ 
erage total growth of 5 cm. Both the light break during growth and 
higher temperatures were required to obtain significantly more growth. 
The light break increased the number of shoots on 'Roseum Elegans' 
by an average of 0.5 shoots per plant (Table 13). This finding agrees 
with Snyder (66) who found that a long photoperiod resulted in more bud 
breaks on Taxus cuspidata. The lowest number of breaks occurred on non- 
induced plants grown at 4.4°C without the light break. It is probable 
that this treatment suppressed the number of breaks as well as the total 
growth. The highest number of breaks occurred on non-induced plants 
grown at 4.4°C with the light break. Since a highly significant 3-way 
interaction occurred, it is possible that light is only moderatly ef- 
Figure 9. Average total growth on December 12 of Rhododendron 1PJM'. 
I - Induced for 10 days at 18.3°C MNT, natural daylengths 
plus a 3-hour light break (11PM-2AM), 5000 lux. 
nol - Not induced. 
LB - Natural daylengths plus a 3-hour light break (11PM-2AM), 
1000 lux. 
noLB - Natural daylengths only. 
Bars indicate standard error of the mean. 
55 
56 
Table 13. Effect of induction, temperature and light break on shoot 
number of Rhododendron 'Roseum Elegans'. 
Temperature 
(°C) 
+Light Break 
Not 
Induced Induced 
-Light Break 
Not 
Induced Induced 
4.4 3.42 2.42 1.73 2.58 
10.0 2.42 2.25 2.00 2.17 
15.6 2.45 2.64 2.18 1.89 
Source 
Significant Effects 
df Mean Square F Value 
Induction2 1 0.06 NSy 
Temperature 2 1.36 NS 
Linear 1 1.49 NS 
Quadratic 1 1.29 NS 
Light 1 8.69 11.04** 
Induction x 1 i ght 1 2.76 NS 
Induction x temperature 2 0.02 NS 
Temperature x light 2 0.77 NS 
Induction x temperature x light 2 3.92 4.99** 
Error 124 0.79 
yNS - nonsignificant 
ZInduced for 10 days at 18.3°C MNT, natural daylengths plus a 3-hour 
light break (11PM-2AM), 5000 lux. 
** 
Significant at the VI level. 
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fective for increasing bud break. 
Growers often have difficulty getting multiple breaks on rhodo¬ 
dendron and it appears that correlative inhibition may occur. It is 
possible that the development of one or two shoots on a cutting sup¬ 
presses the development of other apparently viable buds, a process which 
in this case resembles apical dominance. The lowest number of shoots oc¬ 
curred on plants that required an average of 27 days to begin growth, 
while the highest number occurred on plants requiring 23 days. These 
two treatments were the slowest to begin growth. If correlative inhibi¬ 
tion occurs in rhododendron, then a slow period of bud swelling and 
growth initiation may permit more buds to develop before inhibition be¬ 
comes effective, providing conditions are suitable for growth. The num¬ 
ber of shoots and days to growth for this cultivar has a correlation co¬ 
efficient of 0.23 indicating a tendency for the number of breaks to in¬ 
crease as the days required for growth to begin increase. 
Table 14 shows that the 'PJM1 which were induced and received the 
light break and those that were not induced and did not receive the 
light break had the greatest number of shoots. The data for the days 
to growth indicated that 'PJM' was more ready to grow than 'Roseum 
Elegans,' and those plants which were exposed to the light break for 
only the ten days of the induction treatment may not have been exposed 
to a sufficient duration of light to initiate growth in all buds ready 
to expand. Without the promotive effect of the light break, these buds 
may have been correlatively inhibited by the first shoots to begin 
growth. On the other hand, the induction treatment had a light intensi¬ 
ty of 5000 lux which is five times higher than the light break intensi- 
58 
Table 14. Effect of induction, temperature and light break on shoot 
number of Rhododendron 'PJM1. 
Temperature 
(°C) 
+Light 
Not 
Induced 
Break 
Induced 
-Light Break 
Not 
Induced Induced 
4.4 1.63 2.22 1.67 1 .44 
10.0 1.70 1 .56 1.89 1.78 
15.6 1.40 1.67 2.20 1 .30 
Significant Effects 
Source df Mean Square F Value 
Induction2 1 0.18 NSy 
Temperature 2 0.09 NS 
Linear 1 0.15 NS 
Quadratic 1 0.04 NS 
Light 1 0.01 NS 
Induction x 1 ight 1 2.61 4.03* 
Induction x temperature 2 0.51 NS 
Temperature x light 2 0.90 NS 
Induction x temperature x light 2 0.82 NS 
Error 91 0.64 
^NS - nonsignificant 
induced for 10 days at 18.3°C MNT, natural daylengths plus a 3-hour 
light break (11PM-2AM), 5000 lux. 
★ 
Significant at the 5l level. 
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ty. The higher intensity used for the induction treatment may have pro¬ 
moted the greater number of shoots occurring on the induced plants grown 
with the light break compared to the non-induced plants, grown with a 
light break. A correlation coefficient of -0.36 indicates that as the 
days until growth began increased, the number of shoots on 'PJM' de¬ 
creased. 
These data have shown that 'PJM1 and 'Roseum Elegans1 responded to 
increasing temperature or induction by beginning growth earlier. The 3 
hour light break was needed for maximum growth of both cultivars. The 
light break also tended to increase the number of shoots produced by 
'Roseum Elegans* while the light break plus induction increased the 
shoot number of 'PJM'. The ten day induction generally increased the 
total growth, but its effect was slight when accompanied by the light 
break. Increasing the MNT from 4.4°C to 15.6°C improved growth of 'PJM' 
but had no effect on the total growth for the first flush of 'Roseum 
Elegans', although the higher temperature promoted an additional flush. 
The 15.6°C MNT with the light break resulted in the greatest amount of 
growth for both cultivars. 
The delayed or prolonged response to a treatment which has been 
discontinued was called an after-effect by Waxman (81). The delayed ef¬ 
fect of photoperiod (23, 59, 81) as well as temperature (59) on the 
growth of woody plants has been reported. It was noted in the spring 
of 1981 that there were differences in the dates at which plants from 
the various treatments were beginning growth naturally. From January 14 
through spring, all plants were held at a MNT of 4.4°C under natural 
60 
daylengths. The plants began growth in an order that indicated inhi¬ 
bition due to the three treatment factors: increasing temperature, the 
light break and induction delayed growth. The 'PJM1 plants grown at 
4.4 C without the light break and without induction began growth in mid- 
March while those grown at 15.6°C with both the light break and induc¬ 
tion began growth in May. The 'Roseum Elegans' that had been grown at 
4.4°C MNT were killed during a heating failure in January. 'Roseum 
Elegans' grown at 10.0°C without both light and induction broke bud in 
April, one month before the plants grown at 15.6°C with both the light 
break and induction. These delays indicate that a low MNT and a short 
duration of photoperiodic treatment would promote the earliest growth 
in the spring in addition to lowering production costs. Thus, induction 
followed by a 4.4°C MNT would accelerate growth and reduce fuel consump¬ 
tion while permitting early growth in the spring. 
Table 15 indicates the total hours of heating required per month 
at the three temperatures. Lowering the MNT from 15.6 to 4.4°C will re¬ 
sult in an average reduction of 60% in the total hours of heating re¬ 
quired for October and November. The cost of induction will reduce sav¬ 
ings somewhat, but induction of growth or supplementary light is needed 
for maturation of a flush of growth on 'Roseum Elegans' at 4.4°C MNT. 
'PJM' apparently does not always grow in flushes but these conditions 
would permit moderate growth to be obtained on this cultivar. 
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Table 15. Hours of heat required inside greenhouse at three different 
night temperatures during October and November. 
Month 
1980 
Temperature 
(°C) 
Heat Required 
(Hours)2 
% Reduction 
(15.6 to 4.4°C) 
October 4.4 98.5 82 
10.0 342.0 — 
15.6 550.5 -- 
November 4.4 379.5 41 
10.0 566.0 — 
15.6 640.0 — 
zThermograph recordings from the 4.4°C MNT treatment were used to deter¬ 
mine the total number of hours that the temperature in the greenhouse 
fell below 15.6 or 10.0°C. This total was assumed to equal the total 
number of hours during which heat would have been required. The hours 
of heat required at 4.4°C equals the total number of hours of heat cy- 
cling. 
CHAPTER IV 
LIGHTING OF DECIDUOUS AZALEA CUTTINGS 
Introduction 
Growing deciduous azaleas from cuttings may be difficult because 
of problems encountered in both rooting and over-wintering the crop 
(9, 21, 26, 39, 82, 84). Kraus (39) noted in 1953 that cuttings which 
were rooted early could be started into growth soon after rooting. In 
1963, Weiser and Blaney (82) were able to over-winter a crop of cuttings 
which were taken in June, potted by the end of August, and provided with 
a 24-hour photoperiod beginning on November 1 and ending in late May. 
Similar cuttings taken in July did not survive. Successful production 
of a deciduous azalea crop is reportedly contingent upon propagating the 
cuttings early (21, 26, 39, 82, 85) and obtaining some growth during the 
season that the cuttings are rooted (9, 21, 26, 28, 85). Apparently, 
the benefit of early rooting may be attributed to the daylengths which 
may still be of sufficient length to promote growth by the time the cut¬ 
tings are rooted. Sink and Walker (61) and Wells (85) reported that 
growth was obtained on cuttings taken in April from forced stock plants. 
Azaleas have been reported to be long day plants for vegetative 
growth (3, 7, 60, 62, 86). To the contrary, Sink and Walker (61) found 
that cuttings taken in April and exposed to daylengths of 18 and 24 
hours from July 29 until December had growth equal to cuttings exposed 
to natural daylengths. However, the stock plants had been lighted for 
8 of the 9 months prior to taking the cuttings and it is possible that 
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the response of the cuttings was affected by the long day treatment of 
the stock plants. Waxman (81) and Scott (59) have noted that a rather 
prolonged photoperiodic after-effect can occur. 
Photoperiodic lighting can be initiated while the cuttings are 
still under mist. Goddard (25) found that a 24-hour photoperiod pro¬ 
moted faster and heavier rooting of mollis azalea cuttings, and Waxman 
(81) found that increasing photoperiods up to 24 hours yielded a higher 
percentage of rooted cuttings and heavier rooting of Rhododendron 
mucronulatum, a deciduous rhododendron. Keever and Tukey (34) used a 
4-hour light break to keep azalea cuttings vegetative while under mist 
but did not state whether growth occurred. However, Barba and Pokorny 
(2) reported no difference in rooting of cuttings of R,. obtusum japonicum 
cvs. Hinodegiri and Snow under photoperiods of 8, 16 or natural day- 
lengths. If photoperiodic lighting of cuttings while in the propagating 
bench accelerates rooting, then cuttings rooted under long days could 
probably be potted and started into growth earlier than cuttings rooted 
under natural daylengths. 
Lighting of deciduous azalea cuttings following rooting is a com¬ 
mon but unstandardized practice. Carville (9), Smith (63) and Wells 
(85) all began lighting during August, but did not terminate long days 
until mid-September, January 1, or spring, respectively. Carville (9) 
also suggested an alternate production schedule in which cuttings were 
kept at 10.0°C until February 1 when the minimum night temperature was 
raised to 15.6°C followed by addition of long days on February 18. 
Goddard (25) provided long days from early October until mid-March and 
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Gramp (26) lighted cuttings from the time rooting was completed until 
sufficient growth had started. He stated that the amount of growth was 
not critical, but that some growth had to occur. 
The critical photoperiod for promoting vegetative growth of aza¬ 
leas has not been determined. However, Markham (44) noted that in New 
Zealand the critical photoperiod was 11 hours. There may be no single 
critical value for all azalea species and cultivars since species and 
ecotypic variation in response to photoperiod are known to occur among 
woody plants (20, 56, 71, 80). In the Northeast, natural daylengths 
during late summer and early fall evidently limit vegetative growth of 
deciduous azaleas. The natural daylength in August varies between ap¬ 
proximately 14.5 and 13.5 hours. Westbrook (86) stated that a light 
break for 2 to 4 hours was needed in the North during short days to 
keep azaleas in vegetative growth. Smith (63) used a 14- to 16-hour 
photoperiod, Wells (85) used a long day.of 18 hours and Goddard (25) 
and Weiser and Blaney (82) used a 24-hour photoperiod to obtain vegeta¬ 
tive growth. Stated light intensities ranged from 100 or 200 up to 1500 
lux. 
More information is needed on the most effective lighting period as 
well as the minimum photoperiod which will promote growth in our area. 
This study was initiated to determine the month or months during which 
lighting would be most effective in the Northeast. 
Materials and Methods 
In the spring of 1980, cuttings were taken from two Ghent hybrid 
azaleas (R_. x qandavense (c. Koch) Rehd. cvs. Corneille and Josephine 
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Klinger) on May 24 and June 2, respectively. The cuttings were pinched 
to remove the apices, wounded on one side, dipped for 15 seconds in a 
suspension of Hormo-Root "B" (0.4% IBA, 12g/l00 ml. H20) and were root¬ 
ed under intermittent mist in a 1:1 mix of peat and perlite. 
Six lighting treatments were begun on July 1, using a constant 
daylength of 18 hours or the natural daylength which ranged from 15 
hours 14 minutes on July 1 to 11 hours 44 minutes on September 30. The 
long day treatment was applied by extending the natural daylength with 
incandescent lights, averaging 5,000 lux at the top of the cuttings, 
from 3AM to 6AM and 6PM to 9PM. 
Fifteen cuttings were used for each of the 7 treatments. One group 
of cuttings received only the natural daylengths while similar groups 
received long days during either July, August or September; or July plus 
August; or August plus September; or all three months. The cuttings 
were potted on August 1; therefore, those cuttings which were given long 
days during July were lighted while in the propagating bench. Each pot¬ 
ted cutting received 80 mis of a 100 ppm N solution made from a soluble 
20-20-20 fertilizer on August 19 and a 200 ppm N solution on September 8. 
Growth was measured every other day until September 30. Duncan's multi¬ 
ple range test was applied to the final growth measurement as well as to 
the total number of shoots on each plant. The data from the twelve 
most vigorous plants from each treatment and each cultivar were used for 
these analyses. 
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Results and Discussion 
Figures 10 and 11 indicate that no vegetative growth occurred un¬ 
til after mid-August. It is possible that the high temperatures and 
light intensity occurring during July and early August kept the cuttings 
in an imposed state of dormancy or that the proper root:shoot ratio had 
to develop prior to the occurrence of shoot growth. These data support 
the decision of Carville (9), Smith (63) and Wells (85) to begin light¬ 
ing rooted cuttings in August. 
Applying the 18-hour daylength to the cuttings while in the propa¬ 
gating bench (July) appeared to have no effect on either rooting or veg¬ 
etative growth. It is possible that the cuttings were stressed by the 
long day treatment since the mist was on between 6AM and 8PM while day- 
length was extended between 3AM to 6AM and 6PM to 9PM. Moisture stress 
could conceivably negate the effect of long days. 
Extending the daylength on the first of September resulted in an 
immediate increase in the growth rate (Figures 10 and 11), which is in¬ 
dicated by the increase in the slope of the growth curves for the root¬ 
ed cuttings receiving long days only in September. Restoring plants 
that had received long days during July plus August or August, to nat¬ 
ural daylengths on September 1 resulted in an immediate decline in the 
growth rate and a cessation of growth in about three weeks. 
The total growth of 'Corneille' was approximately twice that of 
'Josephine Klinger' in all treatments (Table 16). Generally, long days 
during September produced more growth than long days during August, 
possibly because the plants were able to respond immediately to the long 
Figure 10. Growth curves of Ghent hybrid azalea 'Corneille' cuttings 
receiving 18-hour days for selected months. 
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Figure 11. Growth curves of Ghent hybrid azalea 'Josephine Klinger' 
cuttings receiving 18-hour days for selected months. 
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Table 16. Total growth and shoot number of Ghent azaleas 'Corneille' 
and 'Josephine Klinger' lighted for selected months. 
Treatment z 
Corneille Josephine K1 inqer 
Total 
Growth 
(cm) 
Shoot 
Number 
Total 
Growth 
(cm) 
Shoot 
Number 
Natural daylength 4.1 ay 4.1 ab 2.0 a 1.4 ab 
July 3.1 a 1.1 a 1.6 a 1.2 a 
July + Aug. 9.9 b 1.4 ab 5.6 be 1.6 ab 
August 8.6 b 1.5 b 5.3 b 1.7 ab 
Aug. + Sept. 18.9 d 1.9 ab 7.4 cd 2.2 b 
Sept. 13.2 c 1.7 b 7.1 bed 1.7 ab 
July + Aug. + Sept. 17.6 d 1.1 a 8.8 d 2.2 b 
zCuttings received 18 hour photoperiod during listed months. 
yMean separation within columns by Duncan's multiple range test, 
5% level. 
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days. In addition, the plants lighted during September were still in 
active growth on the date of the final measurements. Long days during 
July plus August did not yield significantly more growth than long days 
during August, and only 'Corneille' produced significantly more growth 
when long days were used during August plus September than when long 
days were used only during September. Using the long day treatment for 
all three months did not improve the growth of 'Corneille' compared to 
the August plus September treatment, nor did it improve the growth of 
'Josephine Klinger' when compared to the September treatment. The 
treatments had a small effect on the number of shoots (Table 16) and 
all of the plants required pinching. 
It is evident that vegetative growth of rooted deciduous azalea 
cuttings can be achieved by using daylength extension beginning in Au¬ 
gust. The use of long days during September would result in late ces¬ 
sation of growth, thereby making the plants more susceptible to frost 
injury. Therefore, it is suggested that long days be applied during 
the month of August. Gramp (26) stated that the amount of growth was 
not critical for survival and consequently all plants in these treat¬ 
ments may have been capable of surviving storage. However, slower root¬ 
ing or production of cultivars which are more difficult to grow would 
probably warrant the use of daylength extension. In addition, plants 
which had produced a few cm of growth could be cut back easily in the 
early spring before growth begins. This treatment could reduce the pro¬ 
duction schedule by one season. 
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APPENDIX A 
EFFECT OF STORAGE CONDITIONS ON GROWTH OF RHODODENDRON 
Introduction 
Difficulties encountered by growers in getting rhododendron to 
break growth in the spring can be attributed to the environmental condi¬ 
tions imposed upon the plants prior to attempting to obtain growth (15, 
57). Cox (15) reported that it was difficult to get cuttings to break 
dormancy after winter storage at temperatures of 4.4°C to 10.0°C. He 
suggested that a mean temperature below 4.4°C may be needed for most 
cultivars. He found that in Scotland, plants had to be transferred to 
cold frames before February 1 to allow adequate cooling time and then 
the natural heat build-up in unventilated greenhouses was used to break 
growth in the spring. 
McGuire and Bunce (46) found that 1PJM' began growth under both 
long and short days in the fall when the plants were not exposed to 
chilling. Exposure of cuttings to 4.4°C or 0°C for 1 to 4 weeks slowed 
growth and reduced the number of plants growing after 8 weeks at 15.6°C. 
However, more than 4 weeks of chilling accelerated growth and increased 
the number of plants that grew. 
Obviously, lowered temperatures during the coldest winter months 
will reduce fuel consumption,.but whether or not there is an optimum 
storage temperature or duration is unknown. This study was conducted 
during the winter and spring of 1980 to determine the optimum storage 
temperature and duration for rhododendron 'Nova Zembla'. 
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Materials and Methods 
Cuttings of Rhododendron 'Nova Zembla' were stuck on August 22, 
1979. All cuttings were maintained at a MNT of 18.3°C until December 
21 when 30 cuttings were potted, fertilized with a soluble 20-20-20 
fertilizer containing 100 ppm N and placed at a MNT of 1.7°C for 70 
days. On January 30, the remaining 106 cuttings were potted, divided 
into 3 groups of 35 or 36 plants and placed in greenhouses at 1.7°C, 
6.1°C or 18.3°C MNT for 30 days. All cuttings were fertilized as above 
on January 30, March 1 and March 14. The plants placed in the 18.3°C 
MNT greenhouse had also been fertilized on February 13. On March 1, 
the plants from the low temperature storage treatments were transferred 
to the 18.3°C MNT greenhouse. The number of days from March 1 until 
leaf emergence from bud scales was recorded for each plant. 
Results and Discussion 
As storage temperatures were increased, the number of plants which 
grew in the spring decreased (Table 17). An average of 98% of the 
plants held at 1.7°C and an average of 86% of those kept at 18.3°C broke 
bud by May 20. This represented a significant reduction in the number 
of plants which grew by that date. 
The plants held at 6.1°C for 30 days were the slowest to begin 
growth (Table 18). These plants were delayed 18 days compared to the 
plants stored at 1.7°C for 70 days. The plants stored at 1.7°C exhib¬ 
ited the most uniform growth since 90% of these plants broke bud within 
a 2-week period. 
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Table 17. Effect of storage temperature and duration on the number of 
plants of Rhododendron 'Nova Zembla' producing shoots by 
May 20. 
Temperature 
(°C) 
Days in 
Storage n 
Number of plants 
that Grew % 
1.7 70 30 29 96.7 
1.7 30 35 35 100.0 
6.1 30 35 33 94.3 
18.3 
z 36 31 86.1 
zPlants were held at 18.3°C beginning January 30. 
• 
Table 18. Effect of storage temperature and duration on days to growth 
of Rhododendron 'Nova Zembla' in the spring. 
Temperature 
(°C) 
Days in 
Storage 
Date When 90% 
Were in Growth 
Days Spread to 
90% in Growth 
1.7 70 April 9 14 
1.7 30 April 16 47 
6.1 30 Apri 1 27 32 
18.3 
z Apri 1 14y 45 
zPlants were held at 18.3°C beginning January 30. 
maximum of 86% of the plants held at 18.3°C grew. 
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Although the differences between storage conditions were not as 
great as expected, it appears that it is beneficial to store rhodo¬ 
dendron at 1.7°C for more than 30 days. This finding agrees with Cox's 
(15) observations that storage temperature and duration are important 
factors affecting growth in the spring and with McGuire and Bunce's 
(46) finding that more than 28 days of chilling was necessary to obtain 
optimum growth of 'PJM1. 
APPENDIX B 
A COMPARISON OF INDUCTION TREATMENTS 
Introduction 
As stated in Chapter II (p. 20), the most important factor affect¬ 
ing growth in the spring appeared to be temperature. Increasing temp¬ 
eratures from 4.4°C to 15.6°C resulted in earlier bud break for 'Nova 
Zembla' and 1PJM'. However, inducing cuttings of 'Nova Zembla' at 
18.3°C, under both long and short days until bud swelling occurred, ac¬ 
celerated growth at 4.4°C MNT by three or more weeks. 
When nursery crops are forced in the spring, temperatures are in¬ 
creased gradually (64, 68, 69, 70) or abruptly (33, 72, 73). The ini¬ 
tiation of growth at high temperatures followed by the lowering of the 
MNT is uncommon. However, work by Zeis!in and Kohl (87) indicated a 
potential benefit from such a schedule. Chrysanthemum plants that were 
grown at 16.7°C for one week followed by a MNT of 5.6°C flowered 2 weeks 
earlier than plants grown continuously at 5.6°C MNT. After the first 
week, each additional day that the plants were grown at 16.7°C resulted 
in only a 1-day acceleration. They also found that the use of the warm 
temperature followed by the cold temperature accelerated growth over 
the reverse schedule. 
A preliminary study had indicated that rhododendron growth at low 
MNTs could be accelerated if the plants were initially exposed to a 
short period of high temperature plus long days. The following study 
was undertaken in the spring of 1980 to compare the effectiveness of 
several factors in the induction of growth. 
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Materials and Methods 
A factorial experimental design was used to test the effect of 
both daylength and temperature, as well as the duration of these fac¬ 
tors on Rhododendron cvs. Nova Zembla and PJM. On December 1, 1979, 
rooted cuttings of these cultivars were obtained from a local nursery. 
They had been stuck during July and August of 1979 and were kept in the 
bench at a 10.0°C MNT. The rooted cuttings were transplanted to 10.2cm 
square plastic pots in an unsterilized 1:1 (v:v) mix of peat and sand, 
and were stored at 1.7°C MNT under normal daylengths for 12 weeks. 
On March 4, 1980, 72 rooted cuttings of 'Nova Zembla' and 48 root¬ 
ed cuttings of "PJM1 were separated into 12 and 8 groups of plants, re¬ 
spectively. 'Nova Zembla' received the induction treatments (Table 19) 
for 1 week, 2 weeks and until bud swelling. 'PJM' was induced for 1 
week and until bud swelling. At the appropriate times, plants were 
transferred to a 4.4°C MNT greenhouse for continued growth. 
Conditions for the plants grown under the constant MNT were provid¬ 
ed in a greenhouse and daylengths were extended between 5PM and 9PM 
with the use of 150 watt GE Reflector Floods (300-750 nm) providing an 
average intensity of 5,000 lux at plant height. The split-night temp¬ 
erature (SNT) treatments were provided by either a Percival or Con¬ 
trolled Environment Growth chamber. The Percival chamber lights of 
7,300 lux were turned on at sunrise and off at 9PM, providing an extend¬ 
ed daylength. The Controlled Environment chamber lights of 28,100 lux 
were periodically adjusted to coincide with the natural daylength. 
On March 4 and 18, each cutting was fertilized with 80 mis of a 
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Table 19. Induction treatments for Rhododendron cvs. Nova Zembla 
and PJM. 
Temperature (°C) Photoperiod 
18.3 MNTZ Natural 
18.3 MNT Natural + supplementary 
light from 5PM to 9PM 
18.3 
7.2 SNT Natural 
18.3 
7.2 SNT Natural + supplementary 
light from 5PM to 9PM 
ZMNT minimum night temperature 
SNT split-night temperature, 18.3°C 7AM to 11PM and 7.2°C 11PM to 7AM. 
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200 ppm N solution of a soluble 20-20-20 fertilizer. The number of 
days required for growth to begin, total growth on May 22, and shoot 
number were recorded for each plant. 
Results and Discussion 
These results are difficult to interpret because of the difference 
in light intensity within the growth chambers, the difference in light 
intensity and quality between the greenhouse and the growth chambers 
and because the fluctuation of temperature in a greenhouse is greater 
than within a growth chamber. It is possible that greater variation in 
all dependent variables would have resulted from more controlled condi¬ 
tions. 
Generally, 'Nova Zembla1 required 2 weeks for bud swelling to oc¬ 
cur while 'PJM' had swollen buds within 10 days. The use of split- 
night temperatures (SNTs) slowed bud swelling by only a few days. There 
were no differences due to any of the factors on the number of days un¬ 
til growth occurred or total growth of 'Nova Zembla' (Table 20). The 
SNT resulted in an average of 0.5 shoots more per plant than the con¬ 
stant 18.3°C MNT. 
Long days delayed growth of 'PJM' by an average of 6 days (Table 
21). In contrast, McGuire and Bunce (46) found that long days in the 
winter resulted in slightly accelerated growth. It is surprising then, 
that lighting these plants in the spring resulted in a delay approxi¬ 
mately equal to the duration of the lighting. There were no significant 
differences in the total growth. The duration of the induction period 
apparently had an effect on the number of shoots (Table 21). This is 
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Table 20. Effect of induction treatments on days to growth, total 
growth, and shoot number of Rhododendron 'Nova Zembla'. 
Photoperiod Temperature 
(°C) 
Days to 
Growth 
Total Growth 
(cm) 
Shoot 
Number 
Treated one week 
Natural 18.3 51.0 13.8 2.5 
Natural 18.3/7.2 57.5 8.8 2.3 
Long Day 18.3 50.3 9.0 1.8 
Long Day 18.3/7.2 52.2 15.1 2.8 
Treated two weeks 
Natural 18.3 45.8 9.9 2.0 
Natural 18.3/7.2 53.7 11.1 2.0 
Long Day 18.3 49.8 7.6 1.8 
Long Day 18.3/7.2 49.8 12.9 2.6 
Treated until bud swel1inq 
Natural 18.3 46.4 10.6 2.0 
Natural 18.3/7.2 46.8 9.9 2.4 
Long Day 18.3 43.0 9.8 2.0 
Long Day 13.3/7.2 50.8 7.7 2.8 
Significant effects 
Duration NS* NS NS 
Photoperiod NS NS NS 
Temperature NS NS .05 
All Interactions NS - NS NS 
★ 
NS - nonsignificant 
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Table 21. Effect of induction treatments on days to growth, total 
growth, and shoot number of Rhododendron 1PJM' 
Photoperiod Temperature 
(°C) 
Days to 
Growth 
Total Growth 
(cm) 
Shoot 
Number 
Treated one week 
Natural 18.3 23.3 29.7 4.7 
Natural 18.3/7.2 27.0 28.2 4.8 
Long Days 18.3 30.7 21.8 4.8 
Long Days 18.3/7.2 29.8 29.2 5.2 
Treated until bud swel1inq 
Natural 18.3 16.7 19.4 2.3 
Natural 18.3/7.2 22.2 20.9 3.7 
Long Days 18.3 24.3 18.4 3.5 
Long Days 18.3/7.2 28.2 31.8 5.3 
Significant effects 
Duration NS* NS .05 
Photoperiod .05 NS NS 
Temperature NS NS NS 
All Interactions NS NS NS 
•k 
NS - nonsignificant 
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difficult to explain since an average of 7.8 days was required for bud 
swelling to occur. The difference between inducing plants for 1 week 
or 7.8 days appears to be too small to account for the difference in 
shoot numbers. 
Overall, slight gains were realized when the plants were induced 
for more than one week. This agrees with the work of Zeis!in and Kohl 
(87) which indicated that proportionately, the greatest acceleration 
in growth of chrysanthemum occurred during the first week of high temp¬ 
erature. The SNT treatments produced the greatest number of breaks on 
'Nova Zembla' and one week of induction increased the breaks on 'PJM'. 
It appears that inducing the plants for one week using SNTs or 18.3°C 
for 15 hours of the day and night and 7.2°C for the remaining 9 hours 
of the dark period plus natural daylengths is an effective and econom¬ 
ical method of inducing growth in the spring. 
APPENDIX C 
EFFECT OF FREEZING DURING STORAGE ON GROWTH 
OF RHODODENDRON IN THE SPRING 
Introduction 
McGuire and Bunce (46) found no difference between the effect of 
storing plants at 0.0°C or 4.4°C on the growth of Rhododendron 'PJM' in 
the winter and spring. According to Kramer and Kozlowski (38), temper¬ 
atures near 5°C will break dormancy of woody plants and freezing temp¬ 
eratures are not necessary, although in some cases fluctuating temper¬ 
atures may be more effective in breaking dormancy than constant temp¬ 
eratures. It was noticed in a preliminary experiment that a short ex¬ 
posure to freezing accelerated growth of 'PJM' and these experiments 
were designed to further test this observation. 
Materials and Methods 
On January 19, 1980, 42 rooted cuttings of Rhododendron cvs. Nova 
Zembla and PJM, which had been in storage at 1.7°C since December 7, 
1979, were frozen in a growth chamber under natural daylengths at -2.2°C 
to 0°C for a period of 2 weeks. A 2-week freezing treatment was chosen 
because rhododendron have responded to other environmental conditions 
within that time period, e.g. the initiation of bud swelling in re¬ 
sponse to increased temperature. The plants were thawed, watered and 
refrozen after the first week of freezing in order to prevent dessica- 
tion. On February 12, the plants were returned to storage at 1.7°C MNT. 
On March 4, the rooted cuttings were separated into 7 groups of 
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6 plants each. Three groups of each cultivar were placed in small 
plastic chambers located within a larger storage greenhouse at 4.4°C, 
11.1°C and 15.6°C MNTs under natural daylengths. The other 4 groups 
of each cultivar were placed in one of 4 induction treatments (Table 19) 
until bud swelling became apparent and were then transferred to 4.4°C 
MNT under natural daylengths. Temperatures and photoperiods were pro¬ 
vided as described in Appendix B (p. 84). At the first sign of bud 
swelling, each plant was moved to a 4.4°C MNT greenhouse for continued 
growth. The number of days required for growth to begin, the total 
growth on May 22 and shoot number were recorded for each plant. 
Results and Discussion 
In order to determine the effect of 2 weeks of freezing, data from 
Chapter II (Tables 3-8) were used for the non-frozen controls for the 
plants placed directly into the 4.4°C, 11.1°C and 15.6°C MNT treatments. 
Data from Appendix B (Tables 20 and 21) were used for the non-frozen 
controls for induced plants grown at 4.4°C MNT. 
Freezing had no effect on rooted cuttings of 'Nova Zembla' that 
were placed directly into the 4.4°C, 11.1°C and 15.6°C MNTs (Table 22). 
Freezing also had no effect on the rooted cuttings of 'Nova Zembla' that 
were induced and grown at 4.4°C MNT (Table 23). Difficulties were en¬ 
countered in analyzing the data for 'PJM1 because of the confounding 
mentioned in Chapter II (p. 23). The data obtained from freezing the 
cuttings and transferring them directly to the 4.4°C, 11.1°C and 15.6°C 
MNT treatments on March 4 were compared to data from Tables 6, 7 and 8 
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Table 22. The effect of freezing and growing temperature on days to 
growth, total growth and shoot number of Rhododendron 'Nova 
Zembla1. 
Pretreatment 
Growing 
Temperature 
(°C) 
Days to 
Growth 
Total Growth 
(cm) 
Shoot 
Number 
Not Frozen 4.4 65.0 8.4 2.0 
11.1 55.3 10.0 2.2 
15.6 31.2 16.7 2.5 
Frozen 4.4 63.3 9.8 2.3 
2 weeks 
11.1 51.7 9.2 1.7 
15.6 34.8 8.6 1.5 
Significant effects 
Freezing NS* NS NS 
Temperature .01 NS NS 
Linear .01 NS NS 
Quadratic NS NS NS 
Freezing x temperature NS NS NS 
NS - nonsignificant 
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Table 23. The effect of freezing and induction treatments on the days 
to growth, total growth and shoot number of Rhododendron 
'Nova Zembla' grown at 4.4°C MNT. 
Pretreatment 
Storage 
• 
• 
Induction 
Daylength 
(hours) 
Induction 
Temperature 
(°C) 
Days to 
Growth 
Total 
Growth 
(cm) 
Shoot 
Number 
Not Frozen natural 18.3 46.4 10.6 2.0 
15 18.3 43.0 9.8 2.0 
natural 18.3/7.2 46.8 9.9 2.4 
15 18.3/7.2 50.8 7.7 2.8 
Frozen natural 18.3 50.7 11.9 2.3 
2 weeks 
15 18.3 41.6 7.3 2.0 
natural 18.3/7.2 52.8 11.1 2.2 
15 18.3/7.2 49.5 12.2 2.5 
Significant effects 
Freezing NS* NS NS 
Temperature NS NS NS 
Daylength NS NS NS 
All Interactions NS NS NS 
* 
NS - nonsignificant 
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for the plants which had been induced at 18.3°C under natural day- 
lengths. These data were chosen because the plants which were used 
for that pre-treatment were similar to the frozen plants in appearance 
and background. That is they had not grown since rooting and were ap¬ 
parently still dormant on March 4 when this experiment commenced. 
Freezing increased the number of shoots on 'PJM' which were placed 
directly into the 4.4°C, 11.1°C and 15.6°C MNT treatments (Table 24). 
Freezing also yielded plants comparable in size to plants induced at 
18.3°C until bud swelling, with no delay in growth and an increase in 
the number of breaks. The induction treatments caused little differ¬ 
ence in total growth and shoot number of previously frozen plants (Ta¬ 
ble 25), while the SNT treatments caused a delay in growth of about one 
week. There was also no appreciable difference between the frozen and 
non-frozen plants that were induced at 18.3°C under natural daylengths. 
Although the data indicated that there was no benefit from freezing 
'Nova Zembla', it appears that 1PJM1 would respond favorable to a 2-week 
freezing period and that the freezing could replace the induction treat¬ 
ment. 
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Table 24. The effect of freezing and growing temperature on days to 
growth, total growth and shoot number of Rhododendron 'PJM'. 
Pretreatment 
Growing 
Temperature 
(°C) 
Days to 
Growth 
Total Growth 
(cm) 
Shoot 
Number 
Not frozen, 4.4 16.7 19.4 2.3 
induced 
11.1 13.8 21.8 2.0 
15.6 6.5 21.2 1.5 
Frozen, 4.4 25.0 17.4 2.5 
induced 
11.1 10.5 29.8 3.0 
15.6 6.5 26.8 2.5 
Significant effects 
Freezing NS* NS .05 
Temperature .01 NS NS 
Linear .01 NS NS 
Quadratic NS NS NS 
Freezing x temperature NS NS NS 
•k 
NS - nonsignificant 
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Table 25. The effect of freezing and induction treatments on the days 
to growth, total growth and shoot number of induced plants 
of Rhododendron 'PJM' grown at 4.4°C. 
Pretreatment: 
Induced 
Daylength 
Storage (hours) 
Induction 
Temperature 
(°C) 
Days to 
Growth 
Total 
Growth 
(cm) 
Shoot 
Number 
Not Frozen natural 18.3 16.7 19.4 2.3 
Frozen natural 18.3 12.5 19.0 2.2 
15 18.3 8.0 21.5 2.7 
natural 18.3/7.2 14.2 17.4 2.2 
15 18.3/7.2 20.0 15.9 2.2 
Significant effects 
Daylength NS* NS NS 
Temperature .05 NS NS 
Daylength x temperature NS NS NS 
■k 
NS - nonsignificant 
APPENDIX D 
PHOTOPERIODIC LIGHTING OF CORNUS FLORIDA L. 
AND CORNUS FLORIDA L. CV. RUBRA CUTTINGS 
Introduction 
Many species of Cornus are reported to be sensitive to photoperi- 
odic stimulation of vegetative growth. Cathey and Campbell (10) found 
that Cornus al ba, C^ controversa, C_. florida, C_. sanquinea and £. sto- 
lonifera were highly sensitive to 24-hour lighting consisting of 8 hours 
of natural light supplemented with 16 hours of 10.8 lux incandescent 
light. Nitsch (48) reported that C_. nuttallii was capable of uninter¬ 
rupted growth on photoperiods of 14, 18 and 24 hours. Waxman (81) 
found £. kousa capable of continuous growth for 145 days under photo- 
periodics of 12 or more hours. Grafted plants of C^. florida cv. Rubra 
grew for 5 months under a 15-hour photoperiod and for 8 months under an 
18-hour photoperiod (81). 
According to Waxman (81), the critical photoperiod for £. florida 
lies between 12 and 15 hours, while Downs and Borthwick (19) determined 
a critical photoperiod of 16 hours. This discrepancy can be clarified 
by examining the respective authors' definition of "critical". Waxman 
implied that this term indicated the photoperiod at which the plants 
made any growth in response to the treatment, e.g. C. florida seedlings 
made no growth under 12-hour photoperiods but grew under 15-hour treat¬ 
ments. For Downs and Borthwick (19), the critical photoperiod was the 
daylength above which growth appeared to be continuous. Waxman (81) 
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observed continuous growth under photoperiods of 18 hours or longer and 
did not use a 16-hour treatment. Thus, C_. florida appears to be capable 
of vegetative growth at photoperiods of at least 12 hours, while photo¬ 
periods equal to or exceeding 16 to 18 hours cause continuous growth. 
Since Hess (31) found that rooted cuttings of C_. fl orida ceased growth 
after a few months under a 16-hour photoperiod, an 18-hour photoperiod 
may yield more consistent results. 
The above studies on the effect of photoperiod were made on ac¬ 
tively growing plants. Cathey and Campbell (10) used plants of unstat¬ 
ed size, while Waxman (81) used actively growing 3-foot grafted plants 
of C. florida cv. Rubra and seedlings of C. fl orida and C. kousa at the 
first two true leaf stage. Downs and Borthwick (19) used seedlings of 
C. fl orida and Nitsch (48) used seedlings of C. nuttallii. 
Additional research has been done on dormant C. florida seedlings. 
The complex nature of dormancy and the resultant terminology warrant a 
brief explanation. Four types of bud dormancy have been recognized 
(42). Imposed dormancy is caused by an unsuitable environment, such as 
cold spring temperatures, and growth occurs when the environment is im¬ 
proved. Pre-dormancy and post-dormancy occur prior to and following 
true dormancy or rest. Rest is initiated by shortening daylengths and 
declining temperatures. Plants in rest cannot resume growth until a 
chilling requirement has been met, while pre- and post- dormant plants 
can grow, but only under a narrow set of environmental conditions. 
Semi-dormancy occurs in plants which do not have a chilling requirement 
after exposure to shortening daylengths and declining temperatures, but 
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growth can resume only under long days. 
Waxman (81) found that C_. florida seedlings that had been dormant 
(pre-dormant?) at 21°C MNT for 11 weeks under 9-hour and 12-hour photo¬ 
periods and were then placed under 18- and 24-hour photoperiods respec¬ 
tively, began growth in 10 days. Downs and Borthwick (19) found, how¬ 
ever, that seedlings which had been dormant at 21-27°C under short days 
(length not stated) for a period of 10 weeks after elongation had ceased 
did not resume growth under a 16-hour photoperiod, but did so within 2 
weeks on natural photoperiods (length not stated) supplemented by a 3- 
hour light break or with continuous lighting. They stated that dogwood 
do not require chilling to break dormancy, but since these plants were 
not exposed to chilling while under the short photoperiods, it is pos¬ 
sible that they were only in a state of pre-dormancy. It appears that 
a 16-hour photoperiod is not sufficient to overcome this state of dor¬ 
mancy while a photoperiod of 18 hours or longer or a light break is ef¬ 
fective. 
Waxman (81) also observed that photoperiodic lighting affected the 
rooting of C. florida and C. florida cv. Rubra. Although cuttings root¬ 
ed nearly 100% under photoperiods of 9, 18 and 24 hours and under normal 
daylengths, the 18- and 24-hour photoperiods tended to increase the num¬ 
ber of roots produced. In addition, a photoperiodic after-effect was 
noticed. The cuttings which had been taken on June 27 were lighted 
while under mist for a period of one month. On July 28, the rooted cut¬ 
tings were potted and placed under natural daylengths. Within three 
weeks after potting, it was noticed that the cuttings which had been 
rooted under long days began growth while those rooted under natural 
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daylengths or 9 hours remained dormant. 
Wells (83) reported in 1953 that C. florida and varieties could be 
easily propagated by cuttings but that there were serious difficulties 
bringing the cuttings through the winter. Clay (13, 14) and Bauer (4, 
5) reported that they were able to get C. florida and its cultivars to 
over-winter if the cuttings were not transplanted until after dormancy 
was broken (13, 14) or until some growth was achieved in the spring (4, 
5). It appears that cuttings which are transplanted before dormancy 
has been broken may either die during the winter or fail to grow in the 
spring. However, Hess (31) found that cuttings taken in July and root¬ 
ed under mist to accelerate rooting could be potted and over-wintered 
if the cuttings had time to establish roots in the pots. He suggested 
that lighting through the winter was not economical and that the cut¬ 
tings should be chilled for at least 1000 hours at 0.0°C and 7.2°C to 
obtain growth. 
It is apparent that the dormancy of dogwood rooted cuttings may be 
broken with photoperiodic treatment. Obtaining growth on cuttings of 
flowering dogwood the summer that they are rooted would accelerate 
growth, as well as eliminate the difficulty encountered in over-winter¬ 
ing the dormant cuttings. This study was undertaken to determine the 
optimum month or months for lighting dogwood cuttings in order to break 
dormancy. 
Materials and Methods 
On June 6, 1980 cuttings were taken from the first flush of growth 
on Cornus florida and C. florida cv. Rubra from plantings at the Univer- 
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sity of Massachusetts, Amherst campus. The amount of cutting-wood of 
sufficient size was limited on this date; however, these cuttings were 
rooted and grown under 18-hour days. On June 23 and 24, cuttings from 
the second flush of growth were taken from the same plants. Cuttings 
were wounded on one side, dipped for 15 seconds in a suspension of 
Hormo-Root "B" (0.4%IBA) in water (12g/100 ml) and were rooted under in¬ 
termittent mist in a 1:1 mixture of peat and perlite. 
Six lighting treatments were begun on July 1, using a constant day- 
length of 18 hours or the natural daylength. The long day treatment was 
applied by extending the natural daylength with 150 watt GE Reflector 
Floods from 3AM to 6AM and 6PM to 9PM. Light intensity averaged 5,000 
lux at the top of the cuttings and natural daylengths ranged from 15 
hours 14 minutes on July 1 to 11 hours 44 minutes on September 30. 
Fifteen rooted cuttings were used for each treatment. One group 
of 15 cuttings received only natural daylengths while similar groups re¬ 
ceived long days during either July, August or September; or July plus 
August; or all three months. The cuttings were potted on August 1; 
therefore, those cuttings which were given long days during July were 
lighted while in the propagating bench. Potted cuttings received 80 mis 
of a 100 ppm N solution made from a 20-20-20 fertilizer on August 19 and 
a 200 ppm N solution on September 8. The date on which growth began and 
a total growth measurement, made on September 30, were recorded for each 
cutting. 
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Results and Discussion 
A paired t-test of the number of plants that grew indicated that C. 
f.'Rubra'was significantly easier to force than C. florida. Lighting 
during September was most effective for stimulating growth of both cul- 
tivars (Table 26) and the natural daylength control or lighting during 
July were the least effective treatments. 
Waxman (81) noted a photoperiodic after-effect on cuttings rooted 
under lights. In this experiment there was no indication of this effect. 
The growth of cuttings lighted during July, i.e. while in the propa¬ 
gating bench, preceded cuttings lighted during September by only 5 to 
13 days (Table 27). The average dates by which cuttings were in growth 
in all treatments differed by only 16 days. The delay in growth until 
late August or early September may have been caused by an imposed type 
of dormancy resulting from stress caused by high light intensities and 
temperatures in the greenhouse during July and August or from the neces¬ 
sity for the development of a proper root:shoot ratio before vegetative 
growth could occur. 
Growth was slight on all cuttings and the data were not analyzed. 
Since few plants grew in some treatments, analysis of these data would 
have violated the assumptions of statistical analysis. In addition, the 
growth of a large percentage of a crop of cuttings is probably more im¬ 
portant to a nurseryman. Most cuttings produced shoots of less than 
2 cm in length, although a few plants had shoots as long as 8 cm. In 
comparison, it was observed that the cuttings taken on June 6 made much 
longer growth. More research is needed to determine if early season 
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Table 26. The effect of lighting during selected months on the number 
of cuttings of C. florida and C. florida cv. Rubra that 
grew.2 
Lighting Period-^ C. Florida C_. f_. Rubra 
September 15xa 15 a 
July + Aug. + Sept. 10 b 15 a 
August 9 b 12 ab 
July + August 6 be 10 be 
July 1 d 9 be 
Natural daylengths 4 cd 6 c 
■^18-hour photoperiod. 
zn=l5. 
XAny two numbers not followed by the same letter are significantly dif¬ 
ferent. Analysis done by assigning a value of 1 to plants that grew 
and a value of 0 to plants that did not grow, p .05. 
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Table 27. Average dates by which growth occurred on cuttings of 
£. florida and £. florida cv. Rubra lighted during selected 
months. 
Treatment 
Average date of first qrowth 
C. florida C. florida'Rubra' 
Natural daylength September 8 September 8 
July2 September 8 August 28 
August August 31 September 1 
September September 13 September 10 
July + Aug. August 31 September 2 
July + Aug. + Sept. September 10 September 3 
z18-hour photoperiod, 5,000 lux incandescent light 3AM-6AM and 
6PM-9PM plus natural daylight. 
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cuttings can be forced more easily than the later growth. 
Although Waxman (81) reported that an 18-hour photoperiod could 
break a short-day-induced dormancy in seedlings of C_. florida, the re¬ 
sults in this study indicated a fairly poor response of cuttings to an 
18-hour photoperiod. Even when all the cuttings responded, as in the 
September lighting treatment, growth was generally poor. Downs and 
Borthwick (19) reported that a 3-hour light break during the middle of 
the dark period or continuous lighting was needed to break dormancy of 
£• florida seedlings. Perhaps a light break would prove to be more 
consistently effective than the 18-hour photoperiod used in this study. 
APPENDIX E 
SUGGESTED ADDITIONAL RESEARCH 
The results of this research and observations made during the 
studies have suggested additional tests. It is hoped that these pro¬ 
posed investigations will yield information which will make subsequent 
recommendations for accelerating growth of rhododendron, azaleas and 
dogwood either more consistent in results or less expensive to imple¬ 
ment. 
1. Attempt to define the storage conditions which are most deterimen- 
tal to growth of rhododendron in the spring. It was noted in Chapter 
III that a photoperiodic and temperature after-effect occur, but other 
conditions cause a more serious delay of growth in the spring on cut¬ 
tings which have not produced any growth in the fall. It is important 
to understand the conditions which impose this apparently abnormally 
deep state of rest so nurserymen can avoid such conditions. This con¬ 
dition of deep rest in a crop which appears to have no chilling re¬ 
quirement also suggests the possibility of intriguing physiological re¬ 
search. 
2. This research indicated that photoperiod may not be a critical fac¬ 
tor influencing growth of chilled rhododendron rooted cuttings in the 
spring. It may be helpful to the nurseryman to determine the critical 
photoperiod at various growing temperatures in the spring for both 
chilled and non-chi lied plants. 
3. Study the after-effects of treatments needed to obtain growth in 
the fall, on growth in the spring. 
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4. Determine the effects of the speed with which growth occurs on the 
number of breaks. This research indicated that slower growth yielded 
more breaks on Catawba-type rhododendrons and that faster growth yield¬ 
ed more breaks on 'PJM1 when accompanied by high light intensity. Con¬ 
firmation or rejection of these observations would be of benefit. 
5. Determine whether it would be beneficial to take cuttings from dog¬ 
wood earlier in the season than is now commonly practiced. 
6. Determine the amount of growth needed to overwinter cuttings of 
dogwood and azalea and the minimum photoperiod required to obtain vege¬ 
tative growth of rooted cuttings. 
7. Determine whether there is a mist:photoperiod interaction on the 
rooting of azalea and dogwood cuttings. Considerable evidence has been 
accumulated indicating that photoperiodic lighting of cuttings is bene¬ 
ficial. Earlier rooting of cuttings could accelerate growth by yield¬ 
ing a cutting which can be potted earlier in the season. Lower inten¬ 
sities of light or the utilization of mist throughout the photoperiod 
may be beneficial to the rooting process. 


